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ABSTRACT

Rainfall and other variubles with similarly skewed distributions
are hard to characterise climatically due to their extreme variabil-
ity. The aritimetic mean, generally used, is greatly influenced by
extreme values. For rainfall data from 219 stations located in the
westarn United States, the median was found to be a more representa-
tive value, and samevhat better than the mean for predicting future
rainfall amounts. Some monthly precipitation frequency distributions
are 50 greatly skewed that values smaller than the mean occur 50% of
the time, Because any single measure of central tendency is incon-
clusive, measures of absolute and relative variability are summarised.
Maps of peroentage occurrence of the mean, ratio between median and
mean, coefficient of variation (CV), and relative variability (Vq) are
presented for the mid-season months--Jan, Apr, Jul, and Oct, \
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CHAPTER I
INTRODUCTION

The part played by numerical material in geography has
been progressively widened in recent years, but the methods
of generalizing therefrom have remained substantially un-
changed. The arithmetic average, or mean, is still the
most widely used value to characterize a set of observa-
tions. It is the purpose of this thesis to examine the
suitability of the mean as a measure of central tendency in
non-symmetrical distributions, and the possible advantages
of the median over the mean.

The introductory chapter is concerned with the reacons
for the acceptance of the mean, and with previous studies
dealing with the median and mean. Chapter II, "Climatic
Normals," presents a detailed study of one instance where
the mean is being used to represent non-normally distributed
data. Chapter III, "Measures of Dispercion," points out
the limitations of any single value in portraying the dis-
tribution of a set of observations. The final chapter,
Chapter IV, "Climatic Prediction," demonc<trat2s the aponli-
cation of knowledge gained froa previous chapters in the

solution of a practical problem.

1.1 Limitation of Study

Although there has been an increacing use of numerical

analysis in climatology, the statistics being used to ana-



lyze the masses of data have gone unchanged. The statistics
presently in use were developed for use with normal or near
normal samples. Chief among these are the two most commonly
used statistics, the mean and the standard deviation.

Unfortunately, most climatic variables have distribu-
tions other than normal. Singly or doubly bounded variables
have skewed distributions markedly different from the sym-
metry of the normal distribution (Section 2.5). Precipita-
tion, wind speed, insolation, and visibility are a few of
the climatic variables for which the majority of observa-
tions occur at the upper and/or lower limits of their dis-
tributions. In such skewed distributions the mean and stan-
dard deviation do not have all the useful properties as in
the normal distribution. Perhaps the median, and measures
of dispersion atout it, may be more useful.

Although the discussior. will be limited to the use of
the mean and median in summarizing precipitation data, the
results should be equally valid for other non-negative vari-
ables having substantial frequencies near the lower bound,
and thus having similarly skewed frequency distributions.
Wind speed, income, and agricultural, industrial, or mineral

production by counties, are good examples of such variables.

1.2 Use of Mean and Median

The arithmetic mean is often declared to be the bast

estimate of central tendency, and hence is the value most




generally used to characterize entire sets of observations.

In a symmetrical distribution, such as the normal, the mean

is also the median or 50% probability value. Thus many =

people implicitly regard any mean as having a 50% probabil-
ity level of exceedance. Unfortunately, in skewed distri-
butions, which are more common for geographic data, the
mean is not the median, and only the median has a 50% pro-
bability level of occurrence.

The greater the ckewness of the distribution, the
poorer the mean becomes as an estimate of the middle value,
the median., While the mean may be easier to work with in
many instances, the median or S50%¥ probability value is most
often desired and should be used whenever possible to avoid
any misconceptions regarding frequency of occurrence. In
many applications the mean has been used, and is continuing

to be used, largely as an approximation of the median.

1.3_Early Studies

The unsuitability of the mean a a meacure of central
tendency in climatological research hac long been realized,
but it was not until 1933 that a serious attempt was ncde
to replace the mean with the median to summarize a ®™varied
me .eoroloyical record.™ It was in thic year that the Bri-
tish geographer, Percy Robert Crowe, introduced the use of
the median and quartile deviation (half the difference bet-

ween the upper and lower quartiles) in a s<tudy cf European

- Dt



rainfall entitled "Analysis of Rainfall Probability." This
study created much interest and its influence can be seen in
several succeeding studies. The most notable of these is a
study of Indian rainfalls by Matthews (1936). The median
and quartile deviation were again used by Crowe (1936) to
study the rainfall regime of the Western Plains of the
United States, and also by Lackey (1937) in constructing
annual-variability naps of the Great Plains. Earlier stud-
ies by Lackey (1935, 1936) also show the influence of Crowe.
Other researchers not influenced by Crowe were also
coming to the conclusion that the mean should be replaced
by the median when dealing with a highly variable distri-
bution. Gisborne (1935) used monthly precipitation records
of Spokane, Washington to show that the mean is a poor
value to use as a "climatic normal."™ He found that the
mean was riever reached or exceeded more than 46% of the
time in any month and that in June the mean occurred only
26% of the time. If the mean wer2 used as the "normal,"
74 years out of 100 had below normal precipitation in June.
A similar study was undcrtaken by Mindiing (1940) using 60
years of monthly precipitation records for each of 14 sta-
tions distributed throughout the United States. His con-
clusions were the same as Gisborne's:s the mean is an unsat-
isfactory value to use as a "normal," and that the median
would be a3 better value to uce.

This interest in the proper statistic for use in

reprcsenting @ non-symmetrical distribution, first seen in




the studies by Crowe, reached a peak June 20-21, 1940. At
this time a resolution recommending that "the expression of
normals of precipitation in future hydrologic studies be
defined by the median instead of the arithmetical average"
was presented to the Section of Hydrology of the American
Geophysical Union, meeting jointly with the Western Inter-
state Snow-Survey Conference in Seattle, A committee headed
by P.E. Church (1941) had weighed the advantages and dis-
advantages of each (Chart I) and concluded that "in the
future, at least for hydrologic studies, the expression of
normals of precipitation be defined by the median."
Unfortunately the recommendations of this committee
were lost with the on-coming of World War II, as was the
interest stimulated by Crowe and others, and the mean con-

tinues to be used in hydrologic and climatological <ctudies.

1.4 Recent Studies

Very little discussion of this topic has appear:d
since 1941. Landsberg (1947), declaring that the mean does
not represent the usual condition even for monthly tempecra-
tures, condemned the use of the term "normal® for thearith-
metic mean. In a study of rainfall on Oahu, Hawaii, Lands-
berg continued, saying that:

The median is the statistic that preserves
one 6f the most important properties of a "nor-
mal." It represents the center of the distribu-

tion and half of the observations are higher,
the other half lower than this value. (1951, p. 9)
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SJUART 1
08 TRANSACTIONS, ANERICAM OEOPHYSICAL UMION
REFORT OF COMMITIEE ON MEDIAN VERSUS ARITHMMETICAL AVERAGE
P. E. Church (Chairmsa), Sdmard L. Vells, and N. P. Deardman

Ia the last sessien of the sestings of the Sectien of Nydrelegy of the American Geephysisal
Unton 1n Seattle i Jume, 1940, s reselutien recommending that “the expressiea of mermsls of
presipitatien 1a future hydrelegic studies de defined by the medion insteed of the arithmeticsl
average’ mas presented. It was meved, seconded, and pessed that the reselutien de referred to g
cosmittes appeinted by Chairman J. C. Stevens, ceapesed of P. E. Chured (Chairsan), Béward L.
Vells, and B. P. Deardman. (See p. 1063, Trans. Amer. Oeephys. Unfen, 1040.]

The Comnittee then meighed deth the advantages and disadvantages of the medish and the
arithmetical average and 1a 50 ¢oing MUBSTeus Arguments, beth faversdle and umfaversdlie, were

oreught owt.

Though there are nusereus mays of espressing the centrs) temdency of ¢ series of cheoorve-
tiens, (o) aritametical average, (V) geemetric msan, (c) harsemic sean, (@) weighisd arithmetics)
average, (o) mede, (f) wedian, and (g) frequency-distridutions, the reselutien called fer o
resemmendation of the use of medien in prefereace to the arithmetical aversge.

Thate discdventages and adventages of the median versus the arithasticsl average are lismed
pid dlptuazed Dolow:

(1) The sedian, as the methed of expressing the mersal, 18 met slsays the figure shich sil)
50 representative of the cemtral tendemey for all purpeses. Feor certain purpeses the arithaetiesl
average 1s sere weeful.

(8) A large assunt of merk mill be required te recespute the vest amount of dete on reserd
aow aveiledle. This werk weuld fall largely on the Weathor Buresu which hao amassed the grester
pert of the dats nom 13 use. The Veather Bureau does not have sufficient sssistance teo resempute
this Dody of data at presemt.

(3) Comparstively few peeple outside the mathematical and engineering prefession understand
the ezect meening of the sediar mheress nearly everyone understands hea the arithseticsl &cerege
1s computed. If the sedian mas used it meuld be necessary to fmetruct these using the dets
to the msaning of the sediaa.

(4) Vvaen there i. an extended nusber of ebeervations, the arrengenent of the date to deter-
aine the medisn 18 todlous and slthough Be Computation 1s Receasary te detersine this figwre
there 18 Ne Bachine on the market shich will make the necessary arrengenent. It 18 & stmple end
Quick precese te ceampute the arithestical aversge decouse adding machines are alsest umiversally
aveiladle.

(5) The oun of the sonthly wediens fer & year doe. net oqual the samual Bedien, whereas the
v of the moathly arithmetical averages oquals the annua) aritheetical everags. The anmual
0odien would have to be computed [res the snmual amounts.

(6) Wnere more than helf the figures 1n & series are sore, the nedian mould sonvey the i
pression that there mas & lack of & seasuradle quantity.

(1) The median, while mot almays the figure which will be represeatstive of the cemtral
tendoncy for all purpeses. 1s superier te the arithmetical averagedin many cases.

(8) The median can de deternined by o simple arrangesent of the series of cdeervations and
"0 computation 18 necessary. Uhere adding machines are et availadle, the determimation of the
average is fer sere tedious than the median.

(3) The wedian 13 umaffected by the adnersally larg. or small values of & series of obd-
servations. Ia the case of precipitation the adnormal velwes are slmays ia excess of doth the
aodian and the arithmetical averages decause of the liaiting value of sero. The arithsetical
average 1s ‘strengly influenced by extrems variants ia s series of values.’

(4) In the oories of odservatiens, 1f there 13 & greqtly eutlving value, oither real or the
rosult of an errer, the sedien will be less affected than the ari’ r-tical average.

(5) Negative departures of procipitation are of greater frequency 'ea plus departures whes
the arithastical average t1s used as the atasure of the central tendency. Thie weuld net be trwe
shen the median 10 Oapleyed.

(6) These whe weuld make active use of the medisn as the mermal are mainly hydrelegists,
onginoers, meteorelogists, etc., whe weuld ndt Rave te De 1nstructed as to the Beaning of oediea.
These whe ¢o ot know ahat the merd sedian pertraye ceuld learn that as resdily as the semtest
of arithoetical average, norssl, or ssen. Onm published data & definition of medien could be

Laserted.
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In the study of the measurement ot water content of a
snow course, Court (1958) found that a water equivalent
figure sufficiently accurate for the practical use to be
made of it can be obtained from the median of a small num-
ber of snow course points. He indicates that the combina-
tion of a larger number of snow water content measurem2nts
into ¢ single mean is "a gross waste of information from
the ctatistician's standpoint.*

More recently Joos (1964), after a study of the vari-
ability of weekly rainfall, suggested that "3 more meanina-
fnl 'normal' for weekly precipitation might be based on the
50% value rather than on a long term mean.® Kangieser
(1966) finds that in some parts of Arizona only one year in
ten has monthly precipitation as great as the mean value.
And Bennett (1967) shows the median to be a better statis-
tic than the mean for the study of insclation which, un-
like precipitation, has a distribution in which many obcer-

vations occur near the upper bound.

1.5 The Mean as a Poor Estimate of Central 7 ndency

Ths mean is too strongly influenced by the extremec in
a series of values. Ten months with values one unit balow
the mean are required to neutralize the offect of one month
with a value ten units above the mean. In the case of cli-
mate, it is the time period during which peogpie have to

live and work, the month of the year, that ic significant.



The frequency of departures from the nommal is important,
but the actual extent of derarture of each instance is
secondary.

Yet, it is the mean which is stated in answer to a
question concerning the amount of rainfall a place receives.
At the present time, maps of climatic normals are based on
the arithmetic mean such as those which appear in The Na-

tional Atlas of the United States, published in 1964. The

supposed purpose of these ®*normal total precipitation"

maps is tc give the user an idea of the most likely amount

of precipitation to be received at a particular place. .
Since the arithmetic mean can satisfy the concept of normal

only when the data are symmetrically distributed, these

*normal total precipitation® maps are deceptive especially

in drier areas of this country.

It would seem that the median would be a much more
logical measure of zentral tendency. Since it is the mid-
dle value, it is easily ascertained when the figures are
arranged in ascending or descending order of magnitude and
can thus be located by a process no more complicated than
simple inspection or, at most, by plotting the values con-
cerned on some form of linear graph. With the use of the
high speed computers, even large amounts of data pose no
problem in the finding of the median. Its reality consists
of the fact that, since half of the records exceed it and

half of them are less, it represents the usual or typical
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value. It is quite indeperdent of a few very exceptional
values, since each value has an equal pull, whatever its
size. Because of this, the median is less sensitive to

errors which might be present in the data being examined.

1.6 Nommals

At the present, one of the primary methods used to
portray climatic data is through the use of a 'climatic
normal.' Climatic normals supposedly describe the climate
of a place or region and are often used to estimate future
climatic conditions. They are calculated by averaging
climatic events over a number of years, usually 30. Al-
though some objections have been voiced against this method
of determining the normal, it is accepted as being the best
possible method by the majority of the people.

As pointed out by Gisborne in 1935, the concept of
normal is well established in both the technical and the
lay mind as that which is common, natural, ordinary, regqu-
lar, typical, and usual. It must be determined just how

well the mean satisfies this definition.
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CHAPTER 11
CLIMATIC NORMALS

2.1 Data and Study Area
Used in this study are monthly precipitation values at

219 stations in the United States, all west of the Missis-
sippi River (Map 1). Data were taken from publications of
the United States Weather Bureau, supplemented by data pub=-
lished by various states. Stations were selected to insure
homogeneous data: no significant change in station posi-
tion, elevation, or environment during the observation
period. Although some stations had precipitation records
for 110 years of continuous observations, only data from
the period 1931 to 1960 were used. Thus all analyses and
maps in this report are comparable, and are for the period
specified by the World Meteorological Organization and used
by the United States Weather Bureau to determine climatic
normals.,

Table 1 (Appendix 1) is a list of the monthly preci-
pitation stations used in thic study. The 219 stations
represent an average density of one c<tation for every 9,789
square miles, While this falls short of the one station
per 1,029 square miles coverage for rainfall by the Nation-

al Atlas of the Unjted States, it compares fevorably with

the density of stations of the Local Climstological Data

published by the United States Department of _ommerce Wea-

11
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ther Bureau (approximately one station per 10,500 square

miles). Stations are listed by their U.S. Weather Bureau
identification number, with name, coordinates, and number
of years of continuous record. For convenience in compu-
tation and mapping, stations are also numbered serially

1 to 219.

Due to the excessive time and work involved in mapping
the results of all months, only the mid-season months of
January, April, July and October are included in this study.
The use of these months should bring out any seasonal vari-
ations that may exist, and should be a large enough sample
to work with. It is important to work with more than one
or two months since the possibility does exist that they
may not be representative of the majority of months. Such
an error was made by McClean (19%6) in assuming that con-
clusions reached for one month would apply to all months.
McClean's contention that the period 1881-1915 is a poor
one to use as the standard for reference to British rain-

fall was disproved by Giasspoole (1956).

2.2 Procedure

If the .(imatic normal were a representative value, it
would be expected to be reached in half of the yearc of
record. The percentages of the years (1931-1960) in which
the "normal®" value was reached or exce2ded were calculated

and are shown on Map 2-5. These mapes show thiat the mean

13
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fails to represent the central value of the distribution
from which it is derived, especially for the Southwestern
portion of the country. The inadequacy of the mean as an
expression of the "normal® for monthly precipitation is

shown.

0.3 Skewness

As stated in the introduction, in a nermal distribu-
tion, or any other symmetrical distribution, the mean is
equal to the median and under such circumstances the mean
is a perfectly valid value to use. But when the distribu-
tion is skewed (asymmetrical), the mean is much less repre-
sentative. A distribution is symmetrical when the median
equals the mean; positively skewed when the mean is larger
than the median; and, negatively skewed when the mean is
smaller than the median.

There are several ways for measuring skewness. One
of these is the "Pearsonian coefficient of skewness® given
by the formula

3(m2an - median)/standard deviation
Another measure, «s (alpha-three), is defined in terms of
the second and third moments, m, and m3, about the mcan
as
<3 * /(W)
In this study a simple measure of skewness is given by the

percentage occurrence of the mean as portrayed in Maps 2-5.

13
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The further the mean departs from the 50% probability value,
the greater the skewness and the greater the advantage in

using the median to best represent what is expected to

happen again.

2.4 Analysis of Maps

Before discussing the maps any further, it should be
pointed out that isolines are only as good as the data from
which they are derived. The patterns shown on the maps in
this study are necessarily general due to the number of
stations used. If further data points were available, pat-
terns would undoubtedly be changed. But for the purpose of
the present study the number of stations is adequate. If
further detail is desired, studies of individual states
should be made, such as that of Arizona by Kangieser (1966).
It would have been of interest to compar: his maps with the
ones in this study, but unfortunately they are of different
months.

All maps show low values to occur with regularity in
the Southwest, while high values occur in the Northwest,
The mean is reached in as many as 50%¥ of the years only
for January in the northwestern section of Washington., If
the mean were a good value to use as a climatic "normal,"
it should have been reached in half the years in all parts
of the countiy. But it is reached in less than a quarter

of the years in many areas of the country, and in fewer

17
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than one year in ten for the Central Valley of California
in July.

Seasonal variation in the occurrence of the mean can
best be seen in central California. Here the values range
from less than 10% in July to over 45% in January.

For all months values from 35% to 45% are most common.
There can be seen no general longitudinal or latitudinal
gradation of values, and the only consistencies are the low
values of the southern California desert and the high

values of northwestern Washington.

2.5 Conversion of Existing Maps

If a distribution proves to be skewed, the use of the
mean as the most representative value of the distribution
will be misleading. Under such circumstances the median
should be used. However, considerable work went into the
computation of existing means, and it is doubtful that any-
one would be willing to discard these even if their valid-
ity is in doubt. This problem would be solved if a stable
relationship is found to exist between median and mean.
With this aim in mind, the ratio between median monthly
and mean monthly values was computed for each station
(Maps 6-10). If stable, these ratios can be used as cor-
rection factors to convert existing means to medians (see

Appendix).
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The ratios between the median and mean can also be
used as excellent measures of skewness. A ratio smaller
than 1 indicates a positively skewed distribution, while a
ratio larger than 1l indicates a negatively skewed distribu-
tion. The greater the departure from 1, the greater the
degree of skewness.

As would be expected these maps compare favorably with
maps 2-5 with low values occurring in the Southwest and
high values in the Northwest.

Several stations in California had no rain at all
during the 30 years studied for the month of July and had
to be omitted or overlooked in the drawing of isolines,

since in this case the ratios would have been infinite.
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CHAPTER III1
MEASURES OF DISPERSION

3.1 Absolute vs. Relative Measures of Variability

Both the mean and the median have their limitations
in that they are measures of central tendency only. No
single value, however determined, can hope to give a com-
plete deccriptive summary. Crowe (1933) pointed out that
we require not only an index of the "normal sequence of
events," but alco of the "probable frequency and extent of

variations from the normal."

3.2 Absolute Measures of Variability

The standard deviation is used to estimate the degree

of variability about the mean and defined by the equation

(V4

n
1
s = |F) (x; - %)°
=T

where n is the number of values, Xy ic the individual valueg,
and X the mean of the n values. But the standard deviation
is not an appropriate term to be uced with the mediant
while the sum o1 the squared deviations is least when com-
puted about the mean, the sum of the absolute deviations is
at a minimum when computed about the median. A measure of
dispersion used to measure variability about the mean or

median ic¢ the mean deviation. also known ac the average
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variability (AV). The mean deviation is defined by the

equation n

1 S
m.d. = n

I=1

where z may be either the mean or median. The semi-inter-

quartile range or quartile deviation q, defined by the equa-
tion
q = (Q; - Q)2

where Q) and Q3 are the first and third quartiles, is used
to estimate the degree of variability about the median.

Other, but poor measures of variability, use only the
highest and lowest recorded values, M and m. The range,
M - m, is often used. Hellman (1909) defined the "ratio of
variation" as the quotient M'm. These measures are not
based on all observations, and the ratio of variation can-
not be used for desert rainfall:t: M/m would become infinite

for many stations.

3.3 Relative Measures of Variability

Absolute measures of variability are useful in helping
to understand a particulas set of observations, but do not
give a complete picture of the variability. Thus they are
of little value when comparisons between ovservations at
several different localities are desired. This is due to
the fact that variability generally increases as the values
of the observations become larger. Therefore, a map showing

the dicpersion of observations about the mean or median at



various stations using any of the measures of variability
listed above, would give the same picture as a map of the
means or medians of the observations themselves.

For fhis reason, relative measures of variability must
be considered in order to derive comparable figures. The
four measures of relative variability corresponding to the
first four measures of variability mentioned above are
given in Table 2.

Of these measures, only CV and Vr have been studied to
any great extent. In studying the relative variability (V)
of precipitation, Conrad (194l1) found that a very strong
mathemetical dependence of the value of Vr on the yearly
sum occurs when these sums are below 1000mm (39.4 inches).
Because of this he concluded that the relative variability
(Vr) cannot be used to compare the variability of precipi-
tation in a locality with a small annual fall with that in
another locality where the precipitation is large.

In a study of all four measures, Longley (1952) tound
the coefficient of variation the most satisfactory measure
for comparing variability of precipitation between dif-
ferent stations. It was found to have small errors through
sampling, in that the values of CV are comparable even when
the mean precipitation values are guite different.

Longley also found that variability tends to be greater
where the precipitation is leést, but the relationship was

not close. In a study of precipitation data at 34 stations
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TABLE 2,--RELATIVE MEASURES OF VARIABILITY

The Coefficient of Variation:

n
o 49/2 (xg - 92
1

Tne Relative Variability:

vr = 100 5—- S
n z
=T
and
vq = 100 (Q3 - Q))
and, also ar = M-m
2

n

o |

S

is the number of wvalues
is the individual value
is the mean

X is the median

z
M
m

is the mean or median
is the maximum value
is the minimum value



in British Columbia and Washington, he found the coefficient
of correlation between mean precipitation and the coeffi-
cient of variability to be -0.68 for July, -0.71 for Decem-

ber, and -0.48 for the annual data.

3.4 Variability as Related to Rainfall Amounts

Since the majority of stations studied in this report
have annual rainfall amounts below 30 inches, it is impor-
tant to know the relation between Vr (and CV) or Vg and the
mean or median rainfall. Conrad states that:

", . .the assumption that Vr represents a

numerical characteristic of variability, unre-

lated to the arithmetic mean, has been proven

fallacious by the observations. Therefore, con-

clusions drawn comparing values of Vr for dif-

ferent places in the vast regions where the

annual precipitation is less than 28 inches.

are inaccurate and misleading." (in Conrad and

Pollak, 1950, p. 956)

Longley's study indicates that this may not be the case.
An attempt will here be made to clarify this guestion and
to also look at monthly relationships where the rainfall
amounts are still smaller.

Figures 1, 2, and 3 were prepared to show annual end
monthly relations between CV and mean rainfall, and Vg and
the median rainfall. If a least fit line were fitted to
each set of data, a curve would be obtained similar to the
one found by Conrad when examining annual rainfall. The

turning point, best seen in July, occurs at about two inches

for monthly data and twenty inches for annual data.
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Even though the scattering is great, at first glance
it would seem as though Conrad's statement was true: at
lower values there is an inverse relation between the mea-
sure of variability and the measure of central tendency.
But these figures, as those by other researches, overlook
several things. When performing statistical analysis on
data we cannot take samples from all areas (regions) and
treat them as coming from one 'population'. In the past,
many studies have been made to derive generalizations about
certain climatological variables. In these studies formu-
las were derived by looking at data from many stations
scattered throughout the world. If these formulas, or
generalizations, were formulated for the purpose of repre=-
senting a base, and the regions determined by how they
deviate from this base, this is a valid approach. But, if
the purpose was to derive a generalization from which pre-
dictions could be made, the study was invalid. Generali-
zations formed by looking at data from dissimilar areas
can be applied to the whole mass of data, but rarely to any
of the "subregions".

Similar applications have been made in other areas of
geography. Correlations, regression analysis, and other
statistical analyses have been performed on samples SUppoOS -
edly from the same 'population'. 1In reality these samples
have come from several different 'populations,' as is the

case in the present analysis.
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In the majority of previous studies of CV, Vr, and Vq,
data from widely scattered stations in regions with vastly
different rainfall characteristics were treated as coming
from the same population (or region). The results of these
studies supposedly represented the behavior of these mea-
sures of relative variability for all areas. That this is
hardly fact can be seen by looking at the behavior of these
measures separately for several;different areas. Such a
study is presented in Figure 4 where the populations or
subregions are represented by A, B, C, and D. The bottom
graph in Figure 4 shows the typical curve obtained when
data from many different populationes are grouped together.
It can be seen that a generalization arrived at by consid-
ering populations A, B, C, and D grouped together would not
necessarily hold true for each individual population. A
large inverse relation between CV and the mean rainfall
occurs only with population A and this is not surprising.
Any measure of relative variability would be expected to
increase rapidly as the average rainfall approaches zero,
since any number divided by zero is infinitely large. Al-
though only CV is discussed in this example, the same rela-

tionships were found for Vr and Vg to varyihg degrees.

3.5 Variabkility Maps

While many maps of mean annual and mean monthly preci-

pitation for the United States exist, few maps exist cover-
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ing extended regions which show some measure of dispersion
of the annual or monthly totals around their means. Two
maps were uncovered showing the annual values of the coef-
ficient of variation; the first by Hazen (1916), and the
second by Hershfield (1962) (see Map 1l1). No maps were
found showing monthly rainfall variability although the
need for such maps was realized by Hershfield. Maps 12-15
showing monthly values of the coefficient of variation were
prepared to partially meet this need and to show the relia-
bility of the mean.

No maps were found of extended region:s showing the
dispersion of values about the median. While the coeffi=-
cient of variation is a suitable term to use in meacuring
the dispersion around the mean, a good index of variability
around the median is obtained by . ipressing the guartile
deviation as a percentage of the median., Maps 16-19 were

prepared using values determined in thi< manner.

3.6 A Note on the Coetficient of Variation

The coefficient ef variation (CV) becomec meaninglesc
in terms cof normal probatility theory wh-n it becomes larger
than 1.C0 since the standard deviation ot & normally distri-
biited variable cannot be larger then the mean. But, if CV
i~ look=d at as a meacure of dicporsal aivided by a meacure
of centrui tendency, without refercvnce to ti. type ot dise-

tribution, it becomec very uceful,
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Hastings (1965) suggests that CV can be used for
climatological and ecological classifications, and as an
indicator of rainfall probability. If seasons are ranked,
the one with the lowest coefficient being 1 and the highest
4; the rank-sequence can be used to delineate regions.

Such a classification reflects accurately tne relative va-
lue of moisture in that it takes into account not only sea-
sonal variability and amount of rainfall, but also the
reliability of the amount.

The coefficient ot variation is also a measure of
skewness. Where CV exceeds 0.5 (50%) skewing sets in.

When CV exceeds 1.0C (lOC¥) non-normality increases rapidly.



CHAPTER IV
CLIMATIC PREDICTION

4.1 Normals

In previous chapters the question of what statistic
best represents the 'normal' was investigated. In this
chapter the length of record upon which to base the normal
will be examined.

As mentioned earlier, one of the prime uses of the
normal is as a predictor of future eventc, At present,
climatic normals are based on 30 yearc of record. Many
studies (as summarized by Court, 1967) show thic may not be
the optimum length of reccrd. In the ¢ stuaivs, means of
varying lengths of record were used in determinina the op-
timum length of record. No attempt hac ye-t been found to
uce the median in relation to thic guection. In the pre-
sent study, the median o! varying lengthc of record wil.: be
used as the pradictor of future eventc ano the results com-

pared with those obtained through the use of the mean.

4.2 Procedures

One of the most gencrally used proceaur-c for deter-
mining the optimum length of record i< to calculate the
averages of the squared difterence=s between the means of
varying numbers of observationc and tn: value< being pre-

dicted. Using the notation adopted by Court (1967) thic
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extrapolation var:nce, 32km' is computed as

n-k-m+l k-1l =
52k = Xj+xem-1 - & ;_-
n " T ) K x145] (1)
Tel j=0 J

where k is the number of antecedent observations from which
a mean (or median) is computed; m is the lag between the k
year period and the value being estimated; and n the number
of observations xj; ordered in time from x) to xj.

In the present stuiy this equation was modified to

give Dy, the average of the absolute differences betwe=n

the medians (%) of k years and the values being estimated,

as
n-k-m+l (2)
D = 1 X - X, 2
km nek-m+l . l+k+m-1] kyl
l:

where 7k.i represents the median of k years beginning with
the observation xj.

Since S, and Dy are not comparable (the first being
an average of squared differences and the second being an
average of absolute differences), a third value, Qe the

mean prediction error, was calculated as

nek-m¢l k-1 (
Q = l X . -l X s . '3)
T T ) rom-l T )i
T m

As ka represents tne average of absolute differences bet-
ween the means of k years and the values h-ing -~ timated,

it ic directly comparapie to D, .




Appendix 1I contains a program which computes the
three above values and places a star after the lowest value.
The length of record at which the lowest value occurs will
be hereafter referred to as k*. The program also computes
the percentage difference between the values obtained for
ng, Dyms and Qgm at k*, the optimum length of record, and
those obtained at the other values of k.

Although the program computes all values of S, and
Qkm for k years from 1 to 50, only odd values of k from 3
to 49 were used in the computation of Dyy in order to keep
th2 program relatively simple. For this reason, and in
order to keep everything as comparable as pocsible, only
the values of SEm, Dyms» and Qkm obtained for odd values of

k will be considered in most of the following discussions.

" 4.3 Random Numbers

Sgm has been shown by Court (1967) to decrease as

1 + 1/k, and the grsphs appearing in his report bear this
lipe as a gquide to determine tnhe significance of the cal-
culated values of SE. Since Sﬁ is no longer the only value
being examined, it would be of interect to see how these
lines compare with those for Qg and Dy (m no longer appears
as a subscript since only the valuec for m=1 are beingused.)
.To do this, equations (1), (2), and (3) were used to com-

pute SE, Qx, and Dy for 1000 random normal numbers (mean

z2>ro, variance unity). Values were also obtained by
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TABLE 3 ¢==OPTIMUM LENGTH OF RECORD (kw)=ePRECIPITATION

STATION o _"r_::&aim sim si" ﬁL
Fto Ross  |L9 L9 LS| LS LS LS (L9 L9 L9 | 13 35 31 [ L9 k9 LS | k7 LT LS

Fto Colldns [ 9 9 7| LS U L9 | LI U3 k3| 39 LS k1| L9 b9 b9 [ 37 37 37

Dodge City |27 31 25| L9 L9 L9 |19 23 21| 27 27 27 25 25 25 | kS LS LS
Vicksburg (3131 31373535 (L7L7L7|LOLO L[ LT LT LS |31 21 21

Meaphis 1511 13|35 3533 | L9 L9 L9 | 17 19 17| 27 27 25| 29 L3 L3

Catro  |151711|272519 (15 15 27| L7 L7 k7| 2727 27| 13 13 13

Mdison 3743 b9 | 31 31 33| L7 L7 U7| L3 LS L3 | 29 L7 L7 |27 27 29

Pittsburgh |2743 L3 |39 L1 37| 9 9L9 |17 k1 k1| 1919 29|23 b3 23

Lynchburg (27 27 27 | L7 L7 37 (LS LT L7| L7 LS LT[ Lo LY k9| 37 7 39

T lstan|stan stan &&M
Ft.Ross [L9 L9 LS (2121 7(37 3749 31 32 b9 | LS LS LS| L1 L1 L2

Ft. Collins [ US 13 L7 |23 715(17 17 33{ 17 39 17| 39 43 US| 2727 L

Dodge City |[L3 L3 L3 LS LS LS| L1 L1 Ll| 25 25 25| 39 L1 L1 | 4S LS LT |L3 L3 L3
Vicksburg |25 15 23 |17 21 21| Li3 L3 L3 | L9 L9 L9 |17 17 13 43 L3 L1 |27 33 17
Meaphis 3133 35 (LS LS LS| L9 L9 L9 | 15 15 13 | L9 b9 k9| 33 33 33 (L7 L7 LS
Cairo 232731 |11 2927(272727|39 L9 k9|11 9 21] 19 25 23 (17 25 23
Madison | L7 L7 L7 (L3 39 39|25 15 13| L1 L1 23|13 112349 L9 U9 |47 b7 L9
Pittsburgh | L1 L1 L3 {23 23 25|15 17 17| 19 27 5&””” 21231 (3 23
Lynchburg (LS 31 27 (3133 35|25 2525( 39 3939|1919 23( 3549 37| 5 547
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biasing this sample, ag in Court's study, in mean and in
variance as depicted on the bottom of Figures 5-10.

The main difference between the three measures is
the rate of change as k becomes larger. SE shows the
greatest amount of variance while Q¢ shows the least.
There can be seen no significant difference between Q¢ and
Dy when values of k are above 15. With biasing, all three
behave in the same manner and a detailed discussion of the
possible cignificance of this behavior is given in Court's

paper.

4.4 _Analysis

For purposes of comparison, the seven stations for
which ng values have already been determined in Court's
study (1968), along with Fort Collins and Fort Ross were
chosen for study. The latter two stations were included
so that data from drier regions might also be studied, Lo-
cations for these stations along with the number of years
of record are given in Map 20.

In a preliminary study Q and Dy were computed for the
above stations and the values of k¥* listed, along with those
for S¢, in Table 3. Examination of this Table shows that
nc method of computation is consistently better than anothey
and that in the majority of cases, k* values are identical.
I. seems obvious that such an approach is unsatisfactory

for the purpose of determining the advantages of the mean
or median.
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A second takle was then prepared (see Table 4). Here
the values for Qg and Dy at k* are given, instead of the
value of k* itself. As mentioned before, Dy is not com-
parable with SE and therefore SE is not included; however,
since the object of this study is to determine the relative
merits of the mean and median, the comparison of only Q.
and Dg will be sufficient.

Table 4 clearly shows that the median is a better
value than the mean for estimating future values. 1In
nearly two-thirds of the cases studied the value of D, is
lower than that for Q.

To further bring out the advantages of the median over
tne mean Figures 11-13 were prepared showing the values of
Qg and Dy for the odd values of k from 3 o 49. It can be
seen that a fewer number of years is required to obtain Dy
than is required to obtain Qg of the same value.

When m is varied from one to ten to predict beyond
next year, it is found that k* decreases as m becomes lar-
ger. This phenomenon occurs regardless of what statistic
is being used. This "extension"™ is clearly seen in Figure
14, The reason for this extensiun is not clear at present,
but is hbeing studied by Dr. Court and will be included in a

future report.
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TABLE 4,=-CPTIHUM VALUES OF Q, AND !

STATION JAN FEB MAR AR MAY JUN
Sk D | Qg D¢ Q¢ De | Qe D¢ Qe D | Qe De |
Fto Ross | 9496 8421(8.67 7.89|6.49 5484 |Le88 L.89 (2,94 24621478 1.47
Fto Collins | 61 55| o6l 461]1.15 1.15[2.18 2,01[2.79 2,74 (2,12 2,17
Dodge City | ¢80 o74[1.08 1,07|1¢71 1465[2.82 2473(3477 3.78(3.70 3.57
Vicksburg | 5¢56 5¢29(5.U9 5.09|L4¢38 4438[578 SeSh(Lek8 Lo50|keSL Le32
Memphis 6070 6oL |Le€l Lelkib|Le99 Le9T7|SeLS 5652 Lokl LebS [LelS Lel5
Cairo Se6l 54513470 3466{5423 5.18|3.43 3.56(LeS3 Le53|5.13 LeS1
Madison 1.87 1.86{1.60 1459{1471 1472{2.40 2.39|3.55 3ehk{3.33 3433
Pitteburgh |2.72 2467(2412 2,05(2.81 2.83|2.59 2464 (3,01 3.09(3.33 3.39
Lynchburg | 2490 2489(2436 2429|337 34362430 2430(3.56 3.58(3.89 3.91
STATION JuL AW SEP oCT NOV DEC i
Q D | Q D¢ |G Dp iQc Dy |G D |G Dy | QD
Ft. Ross 16 13| ¢27 418[1.58 1,12|3.88 3.L1{7.71 64683|9.T1 9419
Fte Collins |1.89 1.58(2435 2.18{2.59 2.23|2.05 1.96( 478 4B1| 491 o8L{ ,
Dodge City |3¢57 3432|2475 2.68/2437 234 (2447 2432{1.59 1.60| 91 92 [11.68 11,81
Vicksburg | 5e23 5629|3096 3¢99|Le37 348U [Le02 3441{5.3h Le86[LeSS Le22 18,11 16,13
Meaphis 3085 30903652 3425/Lel0 3491 Le38 Le29 |Lals2 Le27|LeBL Lo58 [22.84 21,21
Cairo 3078 3493 |Le32 Le32|Le02 La12|3468 3466|Li65 LaT2| 303 3436 (17439 17.4k
Madiscn 3461 3055(3462 34591Le50 Le39|2472 2472|248 2,51(1422 1,26 9468 9476
Pittaburgh | 3433 3616(3.36 3.32(3.06 2497|3425 3.31|2,53 2.48(2,19 2,27 [10,30 10,30
Lynohburg | 3485 34775421 5.01(Le75 Le33(3493 3.73(3.15 3.06(2.53 2,48 15,12 15,07
62
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CHAPTER V
CONCLUSIONS

In climatology, as in many other areas of geography,
it is often necessary to characterize entire sets of obser-
vations by a single value. In the past the arithmetic
average, or mean, has been the most generally used value,
Many variables have values that have the opportunity for
downward variation strictly limited by zero, while upward
variations are theoretically unlimited. Yet it is the
lower values that dominate the geography of an area. Here
the use of the mean is particularly at fault.

The arithmetic mean has been shown by the many maps
contained in this thesis to be & questionable, or at least
misleading, descriptive value. The arithmetic mean has
been hitherto employed as a measure of central tendency for
convenience of description. The indubitable advantagcs of
the arithmetic mean are the ease with which it is calcula-
ted (at least before the advent of the computer), and the
fact that the sum of the twelve monthly normals i< equal to
the average of annual totals. Its chief fault liec in the
fact that equivalence of weight is given to each unit hy
which an individual record departs from the mean,

Climates are not constant in position and it i~ falla-
cious to regard them as being so. The search for any valid
mean expression would seem foredoomed to faliure. Climatic

statistics must therefore be examined in their entirety,
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and obsolete normals must be replaced by indices of proba-

bility, as exemplified in the Atmospheric Humidity Atlas--

Northern Hemisphere (Gringorten et al, 1966). The first
step toward this goal would be to replace the arithmetic
mean with the median,

Many studies are liable to the biased errors inherent
in the arithmetic mean and the temptation to beg the whole
question when phenomena are submitted to subjective examin-
ation. Neither of these dangers would seem to offer much
difficulty when squarely faced; but the more elaborate and
refined the subsequent analysis, the easier it is to over- .
look initial limitations.

The present notion that the mean value is something
that will recur, or that it is the value which best repre-
sents what we expect to happen again, should be replaced.
The knowledge that the mean is only one measure of central
tendency, and a poor one at that when considering many of
the climatological variables, supports such replacement. 1In
the future it is hoped that summaries of climatological data
will feature the median along with, or instead of, the mean.

Climatology is not the only subfield of geography
where skewed distributions are encountered. Many geographi-
cal distributions are singly or doubly bounded and since
geographers are interested in reducing large amounts of data
to representative values which can then be used to describe

an area or compared with other values, it is of the utmost
importance that the values are comparable and best estimate
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the actual distribution. While the mean may have some
computational advantages, it still fail- to represent the
most typical value in many distributions. This failure
has been recognized for a few extremely skewed distribu-
tions, and the median values are now in general use to
rcpresent 'average' income and 'average' number of years
of education. But the arithmetic mean continues to be us
to portray values of agricultural, indu-trial, and mincra
production; to indi. .te consumption of goodc; to summariz
climatic condition.; and many other variables which might

be better portraycd by the median.

ed
1
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APPENDIX I

TABLE 1.-=PRECIPITATION STATIONS FOR WHICH MONTHLY VALUES WERE USED
(Discussed on Pages 10-13)

SEQUENCE STATION LATITUDE LONGITUDE YEARS OF RECORD
NUMBER I.D, NO. STATION NAME NORTH WEST (ENDING 1960)
1 2.185  Clifton . 33.05 109,28 52
C2 2,359  “rand Canyon National Park 36,05 112,12 )
3 2.574 Mount Trumball 36,42 113.33 3C
b 2.632  Payson RS 3k4.23 111,33 3k
5 2.656  Pinal Ranch 33.35 110,98 65
> 6 2.680  Prescott 34.55 112,45 22
-7 2,882  Tucson University of Arizona 32.23 110.95 66
i 8 2,965  Yuma Citrus Station 32,62 114,65 4o
9 3.023  Arkansas City 33.62 91,22 72
10 3,046 Batesville Land D, No. 1 35.75 91.63 ol
11 3 . 160 Conway 35 . 08 92 .!t? 77
t12 3,244  Fayettesville Exp. Station 36,10 9Le17 70
13 301176 Mena 3’4058 9&025 So
1L 3.504  Mountain Home 1 NMW 36.33 92.38 uly
15 3.582 Pochontas ' 36,27 90.98 67
16 3.693 Subiaco 35,30 93.65 63
.17 L.023 Antioch F, Mills 38,02 121,77 81
" 18 L.038  Auburn 38,90 121,07 61
19 L.076  Big Creek Power House 37.20 119,25 L5
" 20 L.079 Big Sur State Park 36.25 121,78 Lé
21 4.170  Chester L0.30 121,22 50
22 L4L.316  Fort Rrang 39.95 123,80 61
23 L4.319 Fort Ross 38,52 123,25 8s
2L L.LO2  Hollister 36.85 121,40 87
( 25 L.,522 Lytle Creek Power House 34.20 117,45 55
26 L.SLS  McCloud 41.27 122,13 50
27 L.612  Needles 34.77 11,62 69
28 L4L.618  Newport Beach Harbor 33.6C 117,88 30
s 29 L.640  Ojai L5 119,25 56
30 L7774 San Diego WB APT. 2.7 117.17 111
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31
32
33

35

36
37
38
39
Lo

L.785
L.804
L.835
L4.897
Lo 90

L.909
L.911
Lo9L5
Le94Yy
L.970

5.129
5,153
5.156
5.218
5.243

5.300
5.304
S.uh1
5.483
5.572

5.762
5.794
5,929
10,001
10,045

10,11
10.271
10,394
10,501
10,654

10,808
10,814
13,036
13,221
13,523

13,639
13,716
14,177
14,187
14,246

San Luis Obispo Poly
Scotia

Sonora

Topanga Patrol Station FC 6
Trona

Tustin Irvine Ranch
Twin Lakes

nasco

Weaverville Rs,
Willows

Cannon City
Cheesman
Chayenne Wells
Del Norte
Durango

Fort Collins
Fort Morgan
Julesburg

Las Animas
Montrose No, 2

Shoshone

Steamboat Springs
Yuma

Aberdeen Expt. Station
Arrowrock Dam

Cambridge

Dubois Expt. Station
Hailey RS

Xooskia

Oakley

Salmon

Sandpoint Expt. Station
Atlantic 1 NE

Des Moines WB City
Mason City 3N

Ottuma

Rockwell City
Concordia WB City
Council Grove
Ellsworth

et Bt et € g e+

35.30
LO. 48
37.98
34,08
35,78

33.73
38,70
35.60
Lo, 73
39.53

38,43
39.22
38,82
37.67
37.26

40.58
40,25
11,00
38,07
38.48

39.57
40.50
40,12
42,95
L3.60

Ll.57
Lk.25
u3.52
L6.15
k2,23

L5.18
L8.28
Ll.4k2
41.58
43.16

hl.OO
42,40
39.57
38,67
38,73

120,67
124.10
120,38
118,60
117.38

117,78
120,05
119,33
122,93
122,20

105,27
105.28
102,35
106,35
107.68

105,08
103.80
102,25
103,22
107.88

107,23
106,83
102,73
112,83
115,92

116,68
112,20
114,32
115,98
113.88

113,88
116,57
95.00
93.62
93.20

92.43
9L.62
97467
96.50
98.23

91

73
30
L1

8l
38
61

82
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1l
72
73
[
75

76
77
78
79
80

81
82
83
84
85

87
88
89
90

91
93
95

96

98
93
100

101
102
103
1oy
105

106
107
108
109
110

14,376
1k kb2
14,517
14,637
1k.6L3

1k, 664
14,731
14,731
1L.819
16,141

16,470
16,612
16,666
16.734
16,892

23.130
23.158
23,223
234250
23,282

23,30k
23,379
23,598
23,772
23.8m

23,899
2L.036
2L .0L3
?h.077
Zhololll

24,260
21,269
2L4 314
2L .389
24,398

2L 52
2L.529
2L.576
2L 729
2L.881

Holton

La Cyene
Medicine lLogmde
Phillipsburg
Plains

Quinter

Sedan

Sedpwick

Toronto

Calhoun Expt, Station

Jenninge

Melville

New Crleans WB City
Plain Dealing
Tallulah Delta Lab,

Capringer Mills
Chillicothe 25
Dexter

Eldon

Fayette

Freder:icktown
Hermann
Neosho
Shelbina
Warrensburg

Willew Springs
Aupusta

3allantine

Big Sandy

Bozeman Agri, College

East Anaconda
rkaiaka
Fortine Inne
Hamilton
Hauvgan

Jordan

Lustre L NNW

Moccasin Expt. Station
Saint Irnatius

West Tlacier

39.47
38.35
37.27
39.77
37.27

39.07
37.12
37.92
17.6C
32.52

30423
3(".68
29495
32.9C
32.L0

37.60
39. 75
36,80
38.3%
39.1¢

37.57
38,70
36,67
39.68
33.77

36,98
L7.,8
b5 95
L% 17
]15367

L6.,1C
h:.97
L8,78
!'16025
47.36

7.3
u8.L%
L7.05
L7.32
LUEC

95.73
9ho77
98,58
99632
100,58

100,23
96.17
97.43
95.95
92,33

92.67
91.75
90,07
93.68
91.22

93.80
93455
89.597
92,58
92,68

90,3C
91,45
9Lk.37
92,.C5
93,73

91,97
112,38
108,13
110,12
111,05

112,92
104,53
114,90
114,15
115,40

106,90
105,53
109,95
114,10
113.98

77

37
3L
L1
37
58

55
56
39
33
L8

30
39
30
52
35



m
13
1ns

116

18
19
120

121
122
123

125

126
127
128
129
130

131
132
133
134
135

136
137
138
139

ko

25,093
25,115
25,202
25,280
25,302

25.318
25.363
25.697
25,704
26,005

26,257
26,517
26,678
29,152
29,181

29.194
29,285
29.327
29,378
29.474

29.668
29,854
29,990
32,219
32,362

32,442
32,564
32,602
34.350
34445

3kob77
34.693
34,701
3L.9LS
34,963

35.020
35,069
35,190
35,21
35.269

Blair
Bridge Port
Crete

Ewing
Fort Robinson

Genoa
Hartington
Purdum
Ravenna
Adaven

Elko W3 Apt.
Ming

Reno WB Apt,
Carrizozo
Cimarron

Clovis
Elida

Fort Bayard
Hachita
Lake Avalon

Pecos RS
State University
Zuni FAA AP,

Dickenson Expt. Station

Orand Forks U,

Jamestown St. Hosp.

Max
Mohall
Geary
Idabel

Kenton

Pauls Valley
Perry

Webber Falls
Wichita Mt, Wlr

Antelope 1N

Bend

Cottage Jrove 1 S
Danner

Estachada 2 SE

L1.55
11,67
40.62
u2.25
k2,67

L1.L5
k2,62
42,07
41,03
38.12

L0.83
38.38
39.50
33.65
36,52

34.40
33.95
32,80
31,92
32,48

35,58
32,28
35.10
46,88
47,92

6,88
L7.82
L8.77
35.63
33.90

36.92
3L.75
36,28
35,52
34.73

Lh.92
Lk.0?
L3,78

L2.93

hs‘z?

96.13
103.10
96,95
98,35
103.L7

97.72
97.27
100,25
98,92
115.58

115,78
118.10
119.78
105.88
104,92

103,20
103,65
108,15
108,32
104.25

105,68
106,75
108,78
102,80

97.08

98.68
101,30
101,52

98.32

9L.82

102,97
97.22
97.28
95.13
98,72

120,72
121,32
123,07
117,33
122,32




151
152
153

155

156
157
158
159
160

161
162
163
164
165

166
167
168
169
170

17
172
173
174
175

176

177
178

180

181
182
183
184
185

186
187
188
189
190

35.3u4
35.383
35.467
35.561
35.691

35,725
35.905
39.030
39.197
39.280

39.383
39.L01
39,466
39,486
39.554

39,767
39,855
39.9L4
41,012
41,050

ul.061
L1.114
41,202
L1.318
b1.3L3

41,351
41.373
41,408
U1,478
L1.502

41,597
41,695
L1,721
L1,726
11,765

41.863
41,928
L1.933
41,953
k2,210

Grants Pass
Heppner
Lakeview
Minam 7 NE
Prospect 2 SW

Rock Creek

Warm Springs Reservoir
Armour

Cotton Wood

Eureka

Highmore 1 W
Hot Springs
Ladelle 7 NE
Lemmon
Milbank

Sioux Fall WB AP

Vale

Wood

Albany

Balmorhea Exp., Station

3eaumont,
Brownwood
Corsicana
Flatonia
Jalveston WB City

George West
Jdreenville 2 SW
Henderson
Kerrville
Lamrasas

Mission
Perryton
Post
Presidio
Riverside

Sterling City
Valley Junction
Vega
Weatherford
Deseret

42,43
L5.33
b2.16
L5.68
42,73

Lhe75
L3.57
L3.32
13.97
u5.77

Lh.52
L3.43
Lk.68
L5.93
L5.22

L3.57
Ll .62
3.5
32.73
31.00

30,08
31.72
32,08
29.68
29.30

28.35
33.32
32,15
3C.03
31,08

26,22
36,40
33.2C
29,55
30. 85

31.85
30,83
35.25
32,75
39.28

123,32
119,55
120,35
117.60
122,52

118,08
118,20
98.35
101,87
99.62

99.47
103.47
98,00
102,17
96.63

96.73
103.40
100,48

99.30
103,68

94.10
98,98
9647
97.1C
94,83

98,12
96,13
94,80
99.13
98,18

98,32
100,62
101,37
104,40

95.40

100,658
96.63
102,43
97.80
112,65

79

72

L8
51
53

30
63
51
52

58
57
6L

7

70
52
L8
79
37

68
68
75
53
89

L5
59

65

Lo
L8

30
57

30
58
30
67
61
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19
192
193

195

196
197
198

200

201
20
203

205

206
207
208
209
210

rp bl
212
213

215
216
217

218
219
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KRbEE

GEERE  KRERE

u8.272
L8.407

143,583
48,710
u8.816
u8.991

Fort Duchesne
Hiswatha

Kanadb Power House
Loa

Milford WB Apt.

Richmond

Spanish Fork Power House
Tooele

Brooklyn

Cedar Lake

Chelan
Colfax 1 W
Goldendale
Hatton 8 E
Longview

Newhalem
Rimrock Teton Dam
Sedro Wolley 1 E
Shelton

Sunnyside

Tatoosh Island WB
Winthrop 1 WSW
Buffalo Bill Dam
Dubois

Oreen River

Lusk

Pathfinder Dam
Sheridan Field Station
Yellowstone Park

40.28
39.48
39.05
38,40
38.L3

.90
40,08
40,53
ué.77
u7.42

u7.83
u6.88
u5.82
u6.77
46.17

148,68
46.65
4,8.50
L47.20
46.32

148,38
L8.47
Lk,50
U3.55
L1.53

L2.77
L2 .47
LL.85
k.97

109.85
111,02
112,52
111.65
113,02

11,82
111,60
112,30
123,52
121.95

120,03
117.38
120,83
118,67
122,92

121,25
121,13
122,22
123,10
120,00

124,73
120,18
109.18
109,62
109.48

104.43
106,83
106,87
110,70
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CLIMATIC PREDICTION
Optimum Length of Record

le Origin of Program

This program was prepared in the Climatology Laboratory of San Fere.
nando Valley State College, Northridge, California by Paul E. Roy, Jr. and
William F, Slusser as part of Air Force Project "Optimum Record for Clima-
tic Estimation and PrédiCtion," to assist in the analysis of climatic data

to det.ermi_ne the optimum length of record for climatic prediction.

2+ Purpose of Program )

This program accepts monthly and yearly data in varied formats (Sec. 5)

and computes the extrapolation variance, S(k,m), the absolute prediction
error using the mean, Q(k,m), and the median, D(k,m,) for varying k year
periods and observations m yeare aheads It then finds the optimum length
of record (k#) for each of these and computes F(k,m), QF(k,m), and DF(k,m),
the percentage difference between the value obtained at k# and that found

. using the other values of k.

~

3s_Description of Equipment

This program was developed for use on the IBM 360/75, but can be used

on most computers using Fortran IV,

4o Mathod of Computation

as S(k,nm) is obtained by averaging the squared differences between
the mean of k successive observations and an observation m years later for

which the value is to be estimated from that for the k years,
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Q(k,m) and D(k,m) are obtained by averaging the absolute difforences
of the same periods.

Values of k from 1 to any desired length of record may be used to
obtain values far S(k,m) and Q(k,m.) while only odd values .ot‘ k beginning
with 3 are used for finding values of D(k,m),

Last.ly} m varies from 1 to 10,

be F(k,m), QF(k,m), and DF(k,m) are obtained by dividing all values
of S(k,m), QF(k,m), and D(E,m) respectively by the minimum value obtained
for each and multiplying by 100, These minirmum or optimum values are 1'nd1-
cated on the pz.'int'. out by an asterisk (#), and the value of k at which the
value is obtained is known as the optimum length of record (k).

Sums for F(k,l), QF(k,1), and DF(k,1) of the twelve monthly values

for each value of k are given on the last page of output,

ce The program also supplies a print out of all data used in the

calculations serving as a check to see that the data is properly read,

« Input
The format of the data to be examined is read in so that the program
is readiiy usoable (ses Input description). The program uses monthly and
annual Am in chronological order. Since a doubly dimensioned array is
used, each card éhould contain all or any number of months of one year only,
aiong with the annual yalue if desired. The order of the months on the data

card must coincide with the order af the months on card B /see Input descrip-

ti.on).

6, Output
All output is in printed form, as summarized by the illustration,
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7o Operating Instructions

Standard Fortran IV is used. No sense switches are used, At the pre-

sent the program does not handle tapes, but it can be easily modified to do

86 Deacx;ig.tion of Terms

IN

IouT
NST

NBL
XMON(I)

ISETS
NNAME(I)

FMT(I)
X(L,NH)
SDF(K)
SAF(K)
Sr(K)

+ XMIN(M)
XMIN(M)
Y(J)
SSUML
SSUM

S(k,M)

physical input unit

physical output unit

thé symbol for denoting the minimum valus
the syfnbol denoting other than minimum value
thirteen three letter words: Jan, Feb, o« + eSum; or Yr ‘
the maximum value of k

tﬁe number of observations per month (or year)

thé number of sets of data per card

the nams of the station, the variables, and the years
of record

the format of the data being read in

valus of otservation, monthly or annual

sum of monthly- values of DF{k,m)

sum of monthly values of QF(k,m)

sﬁm of monthly values of F(k,m)

ninimm value of Q(k,m)

minimum va lue of S(k,m), SQ or D(k,m)

the mean or median value of a k year period

sum of absolute differences using ncan

sum of absolute differences using median or squared
differences u:ing nean

extrapolatisn variance or absolute prediction error

using mean
&3
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Q(X{M) « the absolute prediction error using the mean

LOC(M) - the value of k where NST is to be placed
NBLANK(K,M)  « the symbol to be printed after each value of 3(k,m),
, SQ or D(k,n)
MBLANK(K,M) - the symbol to be printed after each value of Q(k,n)
2(MID) = the madian of k years
INPUT DESCRIPTION
Ao One card containing an asterisk (#) in the first column,

Ce

D.

Ee
Fe

84

One card containing the names of the months using columns

1 througn 36, three columns per month, If annual data is
included, sum or yr should be punched in columns 37 through
39

One card containing the maximun value of k desired in
columns 1 through 33 the number of years of record in
columns 4 through 6; the numher of sets of observations (13
if all months and the annual amount are included) in columns
7 through 8; and the station nams, variable name, and date
of béginning and end of observations in the remainder of the
columns.

One card containing the format of the data in the first 60

columns,

Data

Eaéh successive group of data requires only cards C and D,
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COMPUTER PROGRAM ORCEP (FORTRAN 1v, IBM 360/75) Page 1

DIMENSTON X(13,206),Y(2C6),SF(50),S5(50,11),T(5C)I,NBLANK(50,11),

lXMIN(11)'L0C(ll)vXMON(13)1NIBL(50)oNNAHE(?4)v§UM(1°°’
DIMENSION Z(1C0)ySAF(5C)41Q(50411))MBLANK(50411),L0C1(11)

DIMENSIUN FMT(20),XMINL(11),SDF (50)

_ ) FORMAT (///7/714H F(KyM) FOR 4A3,5H OF Asl4,13H YEAR PERIND 424A3

1o/7/3H M= 96Xy H1 48X e 1HZ 98X g 1H3 98X g LHA ¢ BX 31 H59BX 9 1HO ¢ 8Xy LHT 98Xy 1H8,y
28X, 1H9, 7X,2H10, /3H Ko/)

2 FORMAT (///7/714H F(KyM) FOK 9A3,45H UF A,14,13H YEAR PECRIOD 424A3
1y /777Xy 4HMEAN 12Xy 1 3HABSCLUTE MEAN, 1X,6HMEDIAN,/3H Ky /)

3 FORMAT (//77777/10H DATA FOR 4A3,5H OF A, 14,13H YEAR PERIOD ,
o 124A34//42101H 410F10414//))

4 FORMAT (/777144 S(KeM)SQ FOR 4A345H OF Aglé4e13H YEAR PERIND ,24A3
19 ///3H M=y 6X g LHLy6X9 1H2, 8X01H3 48X 9 1H4,8X ¢ 1H5, 8%y 1HO BXs 1HT,8X, 1H8,

28X!1H9'7X,2H10v /3H Ke/)
5 FCRMAT (1H o1391Xs12(FBe24Al)) . o o

6 FORMAT (1H 413,1X,3F8.3)
7 _FORMAT (13A3)

8 FCRMAT. (2A1)
9 FORMAT (IH1)

10 FORMAT (///7/715H QF(KyM) FOR 4A3,5H GF A, 14,130 Y[EAR PERIOD 124A3
19 ///73H M=46X ¢ 1H]1 yBXgLH2 08X 1H3 46Xy LH4 38Xy 1HS ¢ 8Xy 1HO 98Xy 1HT 48Xy L1HE,
28Xy 1HG, TX42HL1C, /3H Ky/)

1)1 FORMAT (///715H Q (KyM) FOR ¢A345H CF Ay l4,13H YEAR PERIOD ,24A3

19/7/3R M=46Xy LH1 98Xy LH2 ¢BX s 1H3 48X g LH4 4 BX s 1 HS 38Xy LH6 ¢ B8Xy LHT 48Xy 1H8,
28Xy 1H947X,2H10, __13H Ky/)

12 FORMAT (///715H DF{KyM) FOR ¢A3,45H OF Ay 14,134 YEAR PERIND ,24A3
Yo ///3H M=96X 9 1H1 9 8X91H2 9 BX g JH3 98Xy 1H4 ) 8X e 1H5¢8X 3y 1HGy 8X 9 LHT 48Xy 1HB,
28Xy 1HO9, TX42H10, /3 K,/)

_.. 14 FORMAT (//7/714H D(KyM)  FUR ,A3,5H OF A,14,13H YEAR PERIND ,24A3

19/77/3H M=36X91Hl 48X 1H2 1BX e 1lH3 48Xy 1HG 48Xy 1HS38Xe 1HO¢BX 9 1HT7y8Xp1HSE,
28X, 1HG, 7X, 2H10, /3K Ky/)

16 FCRMAT (20A3)

15 FCRMAT (213,12,24A3)
IN=5 T
10UT=6
READ(IN, 8INST,NBL
READ(IN,7) ( XMON{(1),1=1,13)

C

DG 53 IXK=1,7

_READ _IN DATA_

" REAR(IN,15)KMAX, Ny ISETS, NNAME
___READ(INy16)FMT

DO 17 NH=1,N

REAC(INSFMT){X(L,NH)yL=1,ISETS)

17 CONTINUE

C

DC 16 K=],KMAX" J——

SOF(K)=0.0
SAF(K)=0.0

18 SF(K)=0.0
CALCULATES DEPARTURES FROM MEAN

DO 91 11=1,1SETS
_LL=11

IRIEIE
_bulam=l,11

XMINL(M)=5G9GGG69,
19 XMIN(M)=999996S.

NRH&(!I‘UT.Q)
__h»ﬂ_l‘[ ( lr'U' '3) XMD_NJJ_!) LN_,_B[,‘A,V.E,»( X ( L.t [} NH) ,NH=1 9 N '
WRITLLIMNIT9)
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COMPUTER PROGRAM ORCEP (FORTRAN IV, IBM 360/75)
— Y{(1)=0.0_
D0 27 K=1,KMAX
—__L=N-K
C5=L+1
_f.Z_l= 05
C4=K
C=1./C4
Cl=1./(C4*C4)
YUl =Y(1)eX(LL oK)
DO 20 MM=1,L :
— JJ=MMe]
NN=MM+K
= + =

20 CONTINUE

. DO_26 M=1,10
SSUM1=0,.0

____SSUM=0.,0
NMK 1=N-M-K+1

DO 21 J=1,NMK1
JKM1=J+K+M=1"

-__SSUML-SSUHILLY(Jl!L:XLLL;JKH11l_iliJl_L_XLLLLJ&HLLL___

21 SSUM=SSUM+ABS(Y(J)*C=X(LLyJKM1))

___Ce=NMK1___
S{KyM)=SSUM1/C6
QIK.M)=SSUM/CHK
IF(S(KyM)=XMINL1(M))22,23,23

22 XMINL(M)=S(K,M)__
LOC1(M)=K

23 _MBLANK(KsM)=NBL e
TF(QIKyM)=XMIN(M) ) 244 25,25

24 XMIN(M)=Q(K.M)
LOC (M) =K

25 NBLANK(K,M)=NBL

26 CONTINUE

27_CONTINUE
DO 28 M=1,10
KK1=L0OC1l{(M)

KK=LOC(M)
. _MBLANK(KKL,M)=NST___

28 NBLANK(KKoM)=NST

WRITE(IOUT+4)XMON(II ) Ny,NNAME . _ .
DO 29 K=1,KMAX '
29 WRITE(IQUY +5)IKo{S(KeM) MBLANK(KoM) 4¥=1,10)
WRITE(INOUT,9)
__WRITE(IQUT,11)}XMON(II)sN,NNAME
DO 30 K=1,KMAX _
30 _ WRITE(IOQUT +5)K s (Q(KeM) s NBLANK(K M) sM=1,10)
WRITE(IOUT,9)

00 33 é=1'KMAX g

D0 31 M=1,10
SIKyM)={S(KyM)/XMINL1(M)-1,)%100,

31 Q(KsMI=(Q(KsM) /XMIN(M)-1,)%10Q,
WRITE(IOUT ¢SIKy(S{KyM)y MBLANK(K, M) ¢4M=1,10)

— JF (X1-13,032,33,32

32 SFIK)=SF(K)+S(Kyl)

- SAF{K)=SAF(K)1+C{Ks1)

33 CONTINUE
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COMPUTER PROGRAM ORCEP (PORTRAN IV, IBM 360/75) Page 3

WRITELIOQOUT,9)
WRITE(IOUT,y1C)IXMON{II)sNyNNAME
DO 34 K=1,KMAX
WRITE(IOUT yS)IKs(Q(KyM)yNBLANK(KyM)4M=1,10)
34 CONTINUE
D0 35 M=1,10
35 XMIN({M)=9999695,
C CALCULATES DEPARTURES FROM MEDIAN
DO 45 K=3,KMAX,2
L=N-K+¢1
Ji=1l
J2=K
MID=(K+1)/2
DO 40 JJ=1,L
Js5=J2-1
DO 36 J=J14J2
36 Z(J'=X(LL&J)
DO 39 111=J1,MID
DO 38 J=J1,J5
TIF(Z(3)=-2(J+1))38,438437
37 HOLD=2(4) .
2001=2(J+1)
__L(J+l)=HOLD
38 CONTINUE
39 J5=J5-]
Y{JI)=Z(MID)
S d1=de)
J2=J2+¢1
40 MID=MID+¢1
DO 44 M=1,10
SSUM=0.,
NMK1=N~-M-K+1
. __.DO 41 J=1,NMK]1 e e
JKM1=J¢+K+M-1
__ 41 SSUM=SSUM+ABSIY(J)=-X(LLyJKML)])
€ 2=NMK]
S{KyM)=SSUM/C2
IF(S(KyM)I=XMIN(M))42,43,43
__ 42 XMIN(M)=S(KyM) _ L
LCC(M)=K
43 NBLANK(KsM)=NBL
44 CONTINUE
45 CONTINUE
D0 46 M=]1,10
KK=LOCIM)
46 NBLANK(KK¢M)=NST
. _NRITE(IOUT,.9) Do
NR]TE(IOUT914)XMO (IT1)4N,y NNAME
DO 47 K=3,KMAX,2
47 WRITE(IOUT 95K (SIKyM) ¢y NBLANK(K M) 4M=1,10)
CWRITE(IOUT,9)
WRITE(LIOUT,12)XMON(IT )y NyNNAME
DO 50 K= 3,KMAX07
D0 48 M=1,10
48 S(KyM)={S{KyM}/XMIN(M)-1,)%100,
CRRITELIOUT 9 5)K g (SIKyM) o NBLANK(K M) yM=1,19)
IF (XI-13,)49950,46

T 49 SCF(K)=SOF(K)+S(K,1Y ~~— — /0o 87
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COMPUTER PROGRAM ORCEP  (FORTRAR IV, IBM 360/75) Pago b

50 CONTINUE
51 CONTINUE
—_1=13
WRITE(IOUT,9) ‘
— HWRITE(IQUT, 2)XMONLET ) s Ny NNAME
D0 52 K=1,KMAX,2
52 WRITE(IOUT.6)KsSFEIK) o SAF(K) o SOF (KD
53 CONTINUE '
- STQe.
END

88
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DATA FOR JAN OF A 100 YEAR PERIOD SANTA BARBARA, CALIF.

3.97 3,26
7.17 5.24

TT10.15 T c.29
0.63 4,48
4.29 15.67

T 0.51  1.20
0.0 1.53

" 1.90 2.84

T 770.0 1.40
3.71 2.68

0.25

2.91

—t

5. 82

9.b68

2.53

1.81

2.53

l1.13

PRECIPITATION (INCHES)

1868-1967

n.58 4.54 14,84 756 2.12
2.18 6.33 1.23 5.12 Toun
4.41 ¢.99 6.25 6.R4 4.35
2.06 Cotb 3.73 T 4.26 T 12.46
3.14 15.91 T 4.9 17.24 3.25
1.96 1.63 "L 60 2.08 1.9
6.42 1.49 4410 0.73 3.09
12.84 1.44 0.60 0.40 0.60
1.78 5.98  4.39 7.19 5.39
1.79 1.4% 0.76 1.51 7.61
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)
)
SIKyM)SQ FOR JAN OF A 100 YEAR PERIOD SANTA BARBARAy CALIF. PRECIPITATION (INCHES) 1068-1067
Ms 1 2 ) 4 5 & 7 A 3 Ic
X
1 29.95 21,22 30.80 33,06 30.58 34.35 30.86 32.09 31N, 19 32.73
2 18426 18,50 24,42 @ 24,28 24,78 24,92 = 23,06 23421 23.5) 26.30
3 18.49 16.39 22.5% 23.62 22.81 22.36 21.23 22.24 22.03 23.24
4 18.81 18.86 22.14 22.03 20,49 20.67 20,62 21.07 21.40 21.84
5 18.33 19.07 2C.96 16,73 19.22 20,11 19.67 20,45 2Nl 21.34
6 18,60 18,60 18.97 18,78 16.01 19.39 19,45 19.86 27,31 20,60
? 18.19 16,85 18.13 18,60 18.43 19.16 19.03 19.76 19.77 2C.55
8 16,61 16440 18.10 14,19 18.40  18.87 19,10 1939 19.89 2C.0T
9 16.34 16.54 17.84 18.25 18.16 18,94 18.78 19.52 19.63 20,24
10 16,48 lb.52 _ 18,00 18.05 18.32 18.67 18.97 19.37 19,82 19,64
11 16.46 16.74 17.85 18.21 18.12 18.4d6 18.87 19.58 19.34 19.73
12 16.68 16,68 18.01 18.02 18,34 18,81 19,09 19.18 19,39 18,77
13 16.01 16,90 17.84 18,23 18.33 19.01 18.76 19.21 183.51 18,88
14 16.85 16,84 18.08 18,24 18,57  18.72 18.86 18436  18.65  18.°9
15 16.79 17.12 la.ry lel.a? 18.33 18,80 18.03 18,5C 1R.76 18,90
16 17.C8_ 17.18 18,34 18,26 18,45 18,00 18.20 18,61 14.71 18.96
17 17.13 17.40 18.16 18,37 17.66 18.15 18,31 18.58 1d.74 18.82
18 _ 17.39 17,33 18.24 17,64  17.82 18,28 18.28 18.65 18,67 18,71
19 17.27 17.47 17.51 17.79 17.94 18.26 18.37 18.54 13.58 18.74
20 17.41  16.31  17.07 17.94 17.95_ _ 1R.36 18,30 18.4R 13,64 18.84
21 16.74 17.00 17.61 17.96 18.06 18.30 18,27 18.54 18.76 18,93
_22 16.92 17.19 17.82 16,07 18.05 18,2 18,37 18,.7C 18,85 19,06
23 17.10 17.23 17.95 18,06 18.04 18036 18.52 18.79 18.99 TR , {
24 _ 17.16 17.37 17.95 18,05  18.15 18.51  18.63 18,92 _ 18.96 __ 19.2" i
25 17.29 17.40 17.9¢6 14.15 18429 18.62 168,77 18.91 19.15% 19,20
_26 17,32 17,43 _ 18.06 18,28  18.41 18,78 _ 18,77 _19.11 19,17 _ 19,47 ;
27 17.37 17.55 18.20 18.41 18.57 18.79 18.98 19.13 19.37 19,33 .
28 17.48 17.70 18.34__ 18,58 18.59 19.00 19.01 19,34 19.31 19.5Y
29 17.64 17.85 18.50 1E.61 18.81 19.05 19.22 19,30 19.5¢0 19,71
30 17.79 18,01  18.54 18.83  18.87  19.25 19.18 19,53 19.69  2C.05 3
31 17.95 18,07 18.76 18.97 19.07 19.21 19.41 19.67 20013 19,05
32 18.01  1¢.29 18.83 19.17 19,06 19.4% 19.55 20,01 19,00 19.1% }
33 18.25 18,39 16.04 16.19 19.29 19.60 19.90 18.99 19,11 16,97
_ 34 18,34 1R.67_ _ 19.04  _15.33 19,46 19.95 18.87 19411 14.92 17,17
35 18.56 18.63 16.28 19.59 19,80 18.94 19,91 16.93 17.113 15,87
3  18.59 18.87 19.45 19.8% 18.78 19.07 16.8¢ 17.14 15.5) 15.51 1
37 18.84 19.N6 1560 18.82 18.92 lo,. 96 17.02 15,50 15445 1%.75 i
38 19.03 19,40 18.74 18.95 16467 17,07 15.35 1%.67 15,69 13.03 :
39 19.38 18.36 18.89 l1¢.71 16.49 15.40 15.32 15.71 12.98 13.2¢ {
40 18,34 18.51 16.66 1¢.94 15.23 15.37 15.50_ 13,01 13.23 G,96% i
41 18.50 16.37 lo.817 15.35 15.18 15.61 12.96 13.27 17.02¢ 17,29 3
__42 16,37 16459 15.30 15,30 15.42 13,02 = 13,23  10.07¢ 17.3¢ 17,29 ]
43 16.58 15.12 15.22 15.5¢4 12.96 13.30 10.17# 10.39 10.32 10.46 §
44 15.10 15,05 _ 15.46_ __ 13.07 13,24 10,22+ 1049 10435 17,49 10.33 %
45 15.00 15.28 13.09 13.35 10.28# 10. 54 10.42 10,49 1Ne 382 10,65 3
46 15.23 12.88 13.37 1C.35% 10,59 10.48 10.57 10,34 10.63 1C.76
47 12.83 13.16 10.35# 1C.66 10.53 10.63 10.42 10.65 17.75 10.87
48 13.11 10.26% 10.65  1C.57 10.65 10.44 10.76¢ 10,78 1N.83 10,89
49 10.22¢ 10.56 10.%6 10.68 10.47 10.76 10.87 10.86 17.85% 10.81
50 10,50 10.42 10.63 1C.45 10.79 10.90 10,93 10.95% 17.73 10.87
3
X
?;
;
o i
-
1
4
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F(KeM)  FOR JAN OF A 100 YEAR PERIUD SANTA BARBARA, CALIF. PRECIPITATION (INCHES) 1868-1967

M= 1 2 3 4 5 ] 7 8 S 10
K
1 192.94 1C6.72 167.59 216.55 197.03 235.98 273,58 218404 2n1.2% 228.73
2 18.66 BMe29 135,66 134,71 141,21 143,79 126,80 130,63 134.51  144.09
3 80.84 €8.90 117.87 128.20 121.98 118.i5 1C6ea" 121.71 123.31 133.37
4 84.02 83,77 113,488 112.96 99,37 102.15 172.79 10R.t2 113,58 119.31
5 719.28 85.85 102.53 $0.73 87.06 96.66 93.51 173,22 174,21 114,36
6 81.99  81.22  83.c1 R1.5C 85.00  89.65  91.32  9T.21 172,66 106,90
7 77.96 664,17 75.16 79.82 79.30 RT.42 87.19 96,729 7026 106 .45
B 62.5C 59,78 74089 75,79 79,03  B4.57  87.03 Q2,64 93,44 1C1.63
9 59.84 61,13 72.19 16435 16,78 85,29 84.70 33.99 95.84 13,32
10 6l.24 ¢1.01 73,935 14,47 78420 82,63 Ro.50 92.43 97.81 07.62
11 61.00 63.12 72.40 75.67 16,39 €4.52 39,66 94,5" 33.03 98.14
12 63.13 62.52 4.0 74.20 76,51 84,00  BT.TR 90,5, 93,47  BP.SN
13 62.52 64.71 12.4C 7¢.22 78.44 65,91 A4 ,.5¢ 90.87 B84.68 89,60
14  64.8C 64.09 14.63 16.27 80,76  83.10 85.34 82,40 36,10 90,59
15 64.29 66.83 4417 Tt.54 78.42 83.71 77.35 83.81 37.15 29,83
16 67.06 61,42 11.15 1¢.48 79,54 16,13 ___ _78.99 84.91 86,76 90445
17 67.57 70.14 15.26 77.58 71.9" 77.57 AN ,N9 B4 .58 837.42 BB8.08
18 70.17 68,88 7¢.26 70.50 73.40  78.78 79.93 85.25  Bh.2T_  B7.94
19 68.96 7C.21 t9.1h 71.95 74,61 78459 B0 .65 34,22 A5.44 ER,25
20 70.306 63.179 70,10 T Variol 79.53 8C.%%  R3.65 8A,04 89,58
21 63.79 65.64 12.04 73.5% T5.%0 78.99 79.73 4,17 B7,2" ar,15
22 65.50 67,45 72,18 Tasb3  15.69 18,71 80,73 __ 85,19 o4.12 91.39
23 67.26 67.92 73.34 T4.54 15.061 79,59 82.19 86.71 83,647 9C,.95
24 __67.68 69425  T3.44 y D 76043 R1.J9 83.23 88,07 89,10 92.81
25 69.11 69,51 13.55 15.41 T84 H2.1% B4 .67 8T.F3 91.12 92.86
_ 26 69,44 69,87 Taoub 7¢.72 79.19 83,66 B4 o b 39.82 _ 91.24 04,02
217 69.88 71.01 75. 85 11.97 1. 70 83.75 d6.67 97,11 93,23 Ge,. 10
28 11.00 72,44 __ T1.1% 19.61_ 80.67 85,96  87.0% __ 9z.d8 92,71 %€, 73
29 72.52 73.92 7e.73 19.92 B53.09 8he33 5G8,C6 91.73 95.19 Cgl.C"
30 74,05 75.48 79.13 81.96 R3.07  BR.24 8B.65 94,74 96.49  1€1.39
31 75.61 16,06 el.21 82.63 85.61 67,14 90492 298,62 99,49 Q1,31
'32 7@.2_3 . ]8-_2'_’ 6l1.9C 84,61 H544" 9C.2% 32435 QB.7') 8‘?7.')(‘ B __22231
33 78.50 19.15% 83.91 84.57 d7.77 91.76 a5.73 8h.67 97,72 TC .45
34 79.43  81.21_ _ B3.99 _ H#E.88  83.35  95.10 RS .65  A9.84__ 63.85 72.4%
35 81.57 81.49 86027 de.52 52,73 45,23 nbe93 b8.29 10,89 56.,3R
36 1.8b 83,85  B7.95 51t R2475  £h.52 a5 .37 7ra3l 54,66  55.7H
37 84.35 85.70 91.31 8l.87 R4, la 64439 6743 54,93 54.22 58,20
38 86.17 89.07 el.09 B3.23 L2.206 67,0 5C 95 53.01 S6.61 3C R
39 89.58 78.85 dle92 ele56 0b.42 5C .04 5067 56,73 27.5¢ 33.42
40 19.37 89,36 6C.53  €3,69 48,19 51,35  53."p 29,21 32,06 0.0 ¢
4l 80.98 59,5C €3,04 “8.50 47.70 52.70C 2T .4R 31485 N * 3.39
42  60.12 _ 61.66 47.77 47.91 9C. (4 274 3™ .13 ") 3. 36 3.3%
43 62.24 47.29 47.C1 S5Cect? 26415 Ir, 1 RN 3.264 2.93 S5.05
44 47,68 46.6C 4S.34 2¢. 34 28RS noY e 3.1 P 4,66 3,72
45 46.70 48,86 26441 26.06 Cot # 3.4 Seleh 4,74 2.95 6.93
46 49,03 25.48 29,18 C.0 % 3,05 2T | Bt 2ell . _eald 8,10
47 25.48 28.21 Can 3.01 2.51 3.95 PR Se56 T.29 Q.14
48 28.29 0.0 ¢ 2.G0 2.12 .06 2417 Se0® 7.11 312 9.36
49 0.C » 2.R9 1.9¢ 3.22 1.8 Se24 0.96 T.92 8431 8.57
S0 2.7 1.54 B iz &Y 5,04 eh TBlr 7.1 1,03 9.21
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Q (KsM)  FOR JAN OF A 1CO YEAR PERIOD SANTA rARBARA, CALIF, PRECIPITATION (INCHFS) 1564=1"%¢7

M= 1 2 3 4 5 [-) 1 8 el e
K
1 3,93 3.02 4.,C2 4.1 3.98 435 4.01 .25 3.813 4,15
2 3,09 3.19 3,786 3. 74 3.83 3,94 3.77 3.7 .77 1,74
3 3.18 3.24 3.506 3,79 3.72 3.81 3.52 1.6 3,40 3.64
O 3.23 3,18 3,55 3.62 3,60 ___ 3,59 __3.54_ 3.7 Sote 352
5 3,20 3. 24 3.50 3.53 3.45 3.55 3.39 3,44 3¢3% J.aH
6  3.23 3,25 3,641 sl 3.45 3.40 3,39 1,37 B 3.37
7 3,21 3.2¢C 3.30 3,40 3.33 3.39 3.35 3.3% 3.29 3.3
8 3.5  3.13 3.33 3.29 3.34 3. 36 3.35 B ha 3,20 3,23
9 3.11 3.16 3.25 3.32 3.29 3.33 3.25 3.25 3.21 3,22
10 .15 3.12 3.29 3,28 3,29 3.24 _ 3.26 _ 3,23 321 3,14
11 3.11 3. 15 3,21 3,29 3.21 3.25 3.22 3.22 }.lé .14
12 _3.15 3.14 3.28 .21 3.2¢2 3,22 3.22 3.17 3.l 1,75
13 3.13 3.16 3.20 3.21 3.20 3.22 3.19 3.16 LAY 104
14 3.1% 3.10  3.21 1,18 3.21 3,18 3.17 1,17 1,08 1,07
15 3.11 3.12 3.18 3.19 3.17 3.17 3,07 3.17 3.M8 1.06
16 3.13 3,10~ 3.19 3.16 __3.17 __ 3.97 . 3,07 3.1 0 30 3,04
17 3.11 3. 12 3.17 3.16 3.06 3.06 3.1¢ 3.07 1,18 3.0
18 3.)e 3.10 . 3.16 3.06 3.05 3.10 3,06 3N 1 1,79 3.01
19 3.10 3.09 3.C5 3.05 3.08 3.6 3,06 3.N7 3.04 3.05
20 3-;0_ 3.00 3.(5 3.04 3.05 3.06 3.07 3,15 3,00 3.N6
21 3.00 3.00 3.07 3.05 3.C6 3,09 «C5 3,04 3.07 3.17
22 2.99 3.03 3,04 3,05 3,08 3.6 3,09 3.79 3.12  3.09
23 3.02 3.00 3,05 3.07 3.00 3.06 3.19 Je.la 3.11 3.11
24 2.98 3.01 3.07 3.Co 3.C9 3.1° 3.14 3.12 3.13 3.12
25 2.99 3,03 3,05 3.04 3,19 3. 14 3.13 .14 3.15 3.13
26 3,01 3.02 3,08 3,08 3,12 3.13 3.14 3,15 3.15 17
27 3.00 3.04 3.08 3.12 3.12 3.14 3.15 .17 j. 17 3.19
28 3,03 3,05 _3.11 __ 3.1 __ 3.13 3016 3.7 3,20 3,21 . _3.20
29 3.04 3.08 3.11 3.13 3.14 3.17 3.29 3.21 .22 3.25
30 . 3,07 3,07 3.14 3el4 3.16 3.2C 3,21 3.2¢ 3.27 3,39
31 .« 06 3.09 3.14 .16 3.19 3.21 3,22 3,27 .32 3.19
32 3.08  3.11 319G 3,19 3.2° 3.22 3.27 3,32 3.21 3,22
33 3.09 3.13 3.18 3.2° 3. 21 3.27 3.32 3.2" 3,23 3,06
34 3,12 _ 3,15 3,20 3.21 _ 3.26 3032 3.2°  __3.23 3,08 __3.09
35 3.14 3. 17 3.21 3. 26 3.31 3.21 3,23 3,07 .11 294
36 3.16 . J.18 3.26 3,31 3.19 3.2 31.07 3.1° 2.906 2.92
37 3.17 3,23 3.3r0 3.19 3.22 3,37 3. 1) 2497 2.94 2.95
38 3.22 3.27 3.1¢ je21 3.05 3.10 2490 2495 2.97 2.75
39 3,26 3. 16 3.21 3.05 3.C9 2497 2494 2.98 277 2.79
40 3,15 3,19 2,05 3009 2.95  2.95 2,97 2,78 2.8l 2,60%
4) 3.18 3,04 31.08 2.90 2.93 2.97 2.78 2.82 2.62% 2,67
42 3,03 3.0 2.65 n 2.96 2.79 2.82 2.63% 2.68 2.67
43 3.05 2.94 2093 2+90 2.78 24804 2638 2.68 268 2.68
462,93 2.92 2.95 (TR 2.52 2.55¢ 2,69 2.68 2.69 2.60
45 2.90 2e9% 2¢Tn ZeR} 2eb4% 2.1" 2409 2067 2467 2,77
46 2492 2-1_6_“ . 2.82 2.04% 24665 2.69 2469 2.0_" - Ze‘l.l___ __2_:!{0
47 2.75 2.80 2ebh® 270 2469 2.7C 2467 2.71 2.7 2.71%
48 2.80 2.62% 2.69 2ebb 2.69 2.497 del2 24175 2.75 2.75
49 2.62% 2467 Z.08 2ot 9 2.66 272 Q.77 270 2,178 o1}
50 2.60 2.66 2.6 245 2.71 2,17 2.75 2.75 XIS ]
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]
QF(KyM)  FUR JAN OF A 100 YEAR PERIOD SANTA RARRARA, CALIF, PRECIPITATION (INCHES) 1868-1967
L 1 2 3 4 I [ S Sty A e - I (I 12 o e
K
1 50.24 15.25 52425 55,01 50.73 64,37 50422 61,65 46,52 99,64
2 18.01 21.63 “2.59 41.44 45.04 48,62 43.20 41.75 41.25 43,8k
3 21.54 23.62 3s.ce 40.17 40.84 44,03 33,84 318,13 33,45 329,80
4 23,21 21.33 34,66 36499 _ 36.57 35,65 34,50 312.7M3 3l.60 3524,
5 22.28 23,31 32.72 33,46 3C.67 34,07 26482 IC. T 29.5? 33,77
6 23.51_  23.82 29.117 28.03 30.85 28,24 28.93 2h .24 2R 22 29,58
7 22.72 21.77 25.02 28,617 26.C3 24409 27.23 27.¢9 25,57 29,04
8 _ 20.50 19.16 26.18 24435 26.51 <6412 27.22 26,20 25,49 24.28
9 18.84 20.49 23,22 25.75 24,60 25617 23.57 26.21 22.5¢6 23,73
10 20,49 18,76 24066 24015 _ 24.63 22,11 24,01 22,00 22.60__ 2(.8])
11 19,00 20.13 23.70 24.40 21.46 22.69 22.%2 22.47 2N.Cl 20,54
12 20.45  19.56 24.16 21.39 22.C8 21.5% 22.4) 20,16 19.62 17.13
13 19.75 20.28 21.39 21.65 21.08 21.66 2C .87 2C .33 16.07 16.92
14 20,57  18.29 21.70 20.54 21.61 19.97 20,61 16,84 16.43 18.N6
15 18.85 18.91 2N.56 2C.88 20.20 19.a8 16453 16.86 17.86 16.81
16 19.65 18,21 21.0% 19,74 _ 19.99  15.717 16.74 18.2¢ 16479 16,10
¥ 17 18.85 18.71 20.10 16.62 15.82 15.06 17.94 16.99 16.44 16.83
_18 19.23 17.97 19.63 15.74 15.72 17.12 16.36 16.76 16,50 15.84
19 18.60 17.70 15.79 1%.60 16.75 15.61 16,35 16.9C 15.63 17.07
e _ .20 _ 18,39 14.28 15.62 16.54 15.49 15.73 16.63 16.17 16.86 17.58
21 14.65 14.18 16.53 15.46 15.80C 16.15 19 .94 17.28 17.26 19.07
—L2  l4.43 159,33 15,24 _ 19,62  16,5¢ 15.42 17,24 _ 17.82 19.05 _ _1R.87
23 15.36 14.22 15.52 16.27 15.85 16.54 17.62 19,44 18.95 19,34
_ 26 _ 14,05 14.61 16,21 15.64 16,94 16.94 19.16 19.09 19.54 19.92
25 14,45 15.26 15.68 16.67 17.07 18.4) 1R.90 19.5A 2N 22 20,1313
26 15.05 14,87 16.67 16.77 1d.25 18.23 19,27 20,71 PRMYe 21.b4
27 14.85 15.51 lea 70 17.57 16.07 18, 74 19,341 2.kl 21 .Ab 72451
__ 28 15.83 . 10.05 1R.09 17.8 18,50 19.26 20430 21.1° 22.58 234,27
29 16.02 17.25 17.84 18,42 19, 19,47 21 .40 22,32 23,17 24,91
30 17.10 17.%6 1R, 50 leatd 19,70 2 e T4 219" 224% 1 2408143 2L 85
31 16.93 17.79 ITPCTS 16,067 PR 2lasl 28621 24440 26478 22.66
32 17.63 18. 34 19,65 2050 21.32 21.09 24,11 26,2 224517 22462
33 18.23 19.11 2067 21.21 2t.t4 2345% 25435 2¢471 23.55 17.67
364 19,07 _ 2n.19 21.3% 21.%¢ 21.4R 25. 36 21e6% 22.92  _ 11.61 ___18.77
35 20.12 20.88 21.69 23.61 25,29 21402 22.63 Je.94 13,69 13.1%
36 20.8¢6 21.22 23,45 25%. 18 ¢Ca95 21484 el 12 leotl 13.07 12.3%
37 21.22 23.95 25423 2u.83 2l.t1 15.7¢ 17.8% 1.8y 12,29 13.47
! 38 23.02 26,17 20.8% 21.06 19.64 17.)2 12 .58 l2ely 13,60 5.82
39 24.13 20.5% 21.175 19.54 l6.an 172. 4 11.8% 13.31 .73 7.3%
40 20,49 21.47 15.75% 16,179 11400 11.31 13,001 _ S5¢86 _  T.17 0.0 %
4l 21.60 15.68 le. 82 11.99 1.0 12,20 5.7 7.30 N4 # 2466
“Z l5u76 lbobd lloqu llo\)i ll.'a’( 50)‘ 70(.\9 f‘.n * 20‘2 2.50
43 16.653 12.17 17. %6 11,59 5.41 7.% AN | 2.1? 2.28 3,05
44 12.09 1l.1¢ 11.7% 5.1 0eYh Ned 211 2.0 ?.R2 2.1¢8
45 10.95 11.85 9.27 7.01 GG [« le 32 1455 2.61 1.87 3,94
__ 46 11.7 .13 t. 506 Col: & 1.94 leo? 2.3 1.5G6 3,54 5460
“7 4.94 6.82 CuC » 2462 1.60 1.5 1.5 3.2 4,99 5. 79
48 6.8% N.0 » 1.82 l.67 1.85 C oAb 3,35 4,89 .16 5.12
49 C.0 * 1.84 letb 1.74 0.70 2.67 Hel? 5.06 5,083 4.27
50 1.62 1.37 lo4l Co38 2.1 4.0 4,99 “.75 3.61 4.16
¢
)
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4

DIKyM)  FOR JAN OF A 100 YtAk PERICD SANTA BARBARA, CALIF, PRECIPITATION (INCHES)

1866-19¢7

Ms 1 2 2 4 3 — e RS (AR
K
3 3.33 3.19 3.0l 3.77 3.44 3.76 3.66 3457 3.3¢ .41
5 ___  3.18 __3.29 3.22 3.38 _ 3.06 3.2n 3.16 3.11 .11 PR
1 2.99 3.11 3.05 3.09 2.93 2+50 2906 3.07 2:93 3.76
9 293¢ 291 2,99 _2.98 2.917 3,00 _2.99  __2.93) 2,83 2,93
11 2.83 2.86 2493 .94 2496 2.92 2.92 2eFT 2.79 dohh
_13__‘__2181 R 2.69 2097 2.90 - 72_.496 Lo 2. ;l _?.l“v FEY:3) Z.?l 24017
15 2.864 2.90 3.01 2.98 2.93 2.91 2.75 2ot 2469 2474
11 2,87 2.33  2.9% 2.92 27T 2,72 2.69 2.76 2.1 2.83
19 2.85 2.84 .81 2.76 2.76 274 2.73 2.74 2.91 2. R4
21 2.71 2.4 2.78 2.18 _ 2.18 2.81 2.370 2.7 2,80 2.84
23 2.7C 2.74 2.17 2.18 2.81 2484 7.81 ?.8° 2.83 2.83
25 2,76 2475 _ 2.83 2.8C 2.81 2.92 2.81 2.81 2,88 ?.88
27 2.81 2.81 2.86 2.85 2.83 2,80 2.85 2480 2495 2.97
g?_ _ »,_2.“1 R ‘g;83 R 2_.85 debBl 2.87 = 2439 29 2.9 2438 3,00
3l 2.80 2.83 2.9C 2.94 2,906 2.96 2.4 299 3.017 2.95
’3 2.63 2090 Lgb 2.99 2.95 2-98_ . 3__er ____209_1__ Zoq7~____ 7079
35 2.90 2.96 2.99 3.00 3.03 2.89 2.7 2.717 2.85 2.71
37 2.93 3,00 _ _3.05 2.93 2.93 2.15 2.82 2.1 2.67 2.69
39 3.02 2492 2496 2.76 2.79 2466 2.67 2469 2.%4 2,44
&)l 2491 _2.76 2.8l 2467 2.64 2,67 2.43 2,456 2,226 2,278
43 2.74 264 2464 2465 2042 2.43 2.20% 2.28 2428 2.28
45 2.60 2,65 2.43 2.44 2.21% 2,218 2,20 2430 2426 2429
47 2.38 2043 2.22% 2.29% 2.27 2.31 2.31 2429 2428 2.29
49 2.20% 2.29% 2.29 2.31 2.26 2.28 2.29 2.27¢ 2.26 2.28
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~e

DF (KM} FOUR JAN UF A 100 YEAR PFRIUD SANTA BARBARA, CALIF. PRECIPITATION (INCHES) 1868-1967

M= - e —— “ . B — ) 7 8 9 1C
K
3 51.864 39,41 62.22 64,45 55.87 65,14 57.12 57.40 51,34 50,16
5 44,76 43,77 44,72 47.64 3d.64 40,82 «3.85 37.17 4J.28 “N.11
7 35.97 36.15 37.19 34,99 32.92 30.3¢C 34.75 35.72 31.90 33.71

.8 _ 32.89 25.89 34.18 3c.0e 34443 32.49  35.83 29,35 29.98 28,72
11 29.07 24 .96 3l.50 251 33.98 2R. 38 32.69 26,85 2563 25433
13 27.80 26,54 32.17¢ 29427 34.18 2R8.76 29.29 25,79 22.17 17.65
15 29.23 26.85 35450 3IC.03 32.R3 21.91 25.N2 17.97 20,98 20,37
17 30.68 23,25 32.72 21.56 25.33 19.77 22,13 21.06 22.19 24,38
19 29.88 26.10 26449 2057 24.91 2C.48 23.93 22.71 26454 25.12
21 23.42 19,74 __ 25.09 21,59 26413 23.49  2T.1h _ 23.22 29,29 24.84
23 23.01 19.64 26,617 21.33 27.13 4,97 27.9¢2 23.65 27.42 24469
25 25.79 20,15 27.C7 22,64 30.07 23.98 27.98 24,00 29.87 26,65
21 27.75 22.97 28,36 24.31 28.41 <324 29.80 26429 33.13 .44
29  271.97 23.57 28.26 22.7) 29.52 26030 31.87 31.51 34.28 31.94
31 21.50 23.86 30.21 28.16 34.21 306137 24,44 31.92 31.17 29,73
33 29.C2 26,76 32.95 3C.34 33.ha 3C.73 306.93 28432 33,69 22.95
35 31.89 29.28 34.20 30.83 37.44 27.11 1347 23.05 28,62 10,06
3 33,56 31.26 37.09 28.12 32.50 2C. 91 2Re30 19.09 21.30 1,47
39 37.49 27.66 32.%9 2C.08 26,44 16,179 2l.41 18.85 9.97 7.34
41<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>